Abstract This study uses an event-based approach to examine individual, relationship, and contextual correlates of heterosexual condom use among homeless men. Structured interviews were conducted with a predominantly African American sample of 305 men recruited from meal lines in the Skid Row area of Los Angeles. Men reported on their most recent heterosexual event involving vaginal or anal intercourse. Adjusting for demographic characteristics only, condom use was more likely when men had higher condom use self-efficacy, greater HIV knowledge, or talked to their partner about condoms prior to sex. Condom use was less likely when men held more negative attitudes towards condoms, the partner was considered to be a primary/serious partner, hard drug use preceded sex, or sex occurred in a public setting. Condom attitudes, selfefficacy, partner type, and communication were the strongest predictors of condom use in a multivariate model that included all of the above-mentioned factors. Associations of unprotected sex with hard drug use prior to sex and having sex in public settings could be accounted for by lower condom self-efficacy and/or less positive condom attitudes among men having sex under these conditions. Results suggest that it may be promising to adapt existing, evidence-based IMB interventions for delivery in non-traditional settings that are frequented by men experiencing homelessness to achieve HIV risk reduction and thus reduce a significant point of disparity for the largely African American population of homeless men.
Introduction
Individuals who are homeless have higher rates of HIV/ AIDS than those who are stably housed [1] . A study of homeless and marginally housed individuals in San Francisco, for example, reported an overall seroprevalence of 10.5%-five times greater than in the general San Francisco population [2] . Homeless individuals typically reside in impoverished, urban areas with high HIV prevalence, and are more likely to engage in drug use, needle use, and sexual risk behavior than low-income housed individuals [3] [4] [5] [6] [7] [8] . There is an urgent need for public health programs to develop strategies that address HIV risk among homeless individuals [9] [10] [11] , and better understanding the determinants of HIV risk behavior in this stigmatized and vulnerable population can help inform these efforts. Both homelessness and HIV/AIDS disproportionately impact African American men [12, 13] , contributing to the wellestablished racial disparities in morbidity among men.
In this study we focus specifically on understanding homeless men's condom use with their female partners. Men who have sex with women (MSW) have been relatively understudied in the HIV epidemic in the U.S. compared to men who have sex with men (MSM), yet this group is a critical link in understanding and preventing the transmission of HIV [14] . Heterosexual contact accounts for approximately one-third of new annual HIV diagnoses in the United States [12] . Men who have sex with men and who self-identify as heterosexual or otherwise engage in sex with women are at high risk for both acquiring and transmitting HIV to their female sex partners [15] [16] [17] . An estimated 80% of new HIV infections among women in the US are due to high-risk heterosexual contact [18] .
Studies examining the predictors of condom use have employed a variety of designs, but event-based approaches can be especially informative. By asking respondents to report on specific sexual events, it is possible to: (a) establish a temporal pairing between condom use and other behaviors occurring during the sexual event (e.g., substance use, communication about condoms) that is a necessary condition for inferring a causal link between the behaviors; and (b) identify other specific features of the event that may be important determinants of condom use and would otherwise be overlooked in global association studies. Identifying unique contextual characteristics of sexual events is especially important for marginalized populations, such as homeless men, that may differ from the general population in terms of the circumstances under which sex occurs. Homeless men who are living on the streets, for example, may be more likely to have sexual encounters that are unplanned, lacking in privacy, and with casual or sex trade partners. If these types of contextual characteristics predict condom use, it would suggest that a generic approach to HIV/AIDS prevention may be less effective than one that targets the specific needs and circumstances of this population.
The work of Tortu, McMahon and colleagues provides a useful framework for examining the event-based determinants of condom use in high-risk populations by simultaneously focusing on characteristics of the individual (e.g., demographics, attitudes), the relationship (e.g., type, qualities), and the sexual event itself (e.g., location, behaviors that occurred) [19, 20] . We have applied this framework to our own research examining the individual, relationship, and contextual correlates of condom use among sheltered homeless women and homeless youth [21, 22] . Across these and other event-based studies, condom use tends to be associated with the individual's condom-related attitudes and whether the couple discussed condoms prior to having sex, consistent with the larger literature demonstrating the relevance of these factors across a range of populations [23, 24] . However, other important predictors of condom use to emerge from this literature include partner type [20] [21] [22] 25] , the setting of the sexual event [19, 21] , whether substances were used prior to having sex [19, 21, 25, 26] , and what sexual activities occurred during the event [19, 20] .
One notable gap in the field's understanding of condom use among MSW is the potential impact of men's genderrelated attitudes and beliefs, such as traditional masculine ideologies and power dynamics within sexual relationships [27] [28] [29] . The dominant social cognitive theories of HIV risk do not attend to norms about gender and power in relationships and for this reason may provide too limited an understanding of heterosexual risk behavior [30] . A small number of studies have shown that traditional gender role norms run counter to safer sex practices [31] [32] [33] . However, results from this literature are often based on student samples and thus may not generalize to men who are older, less educated, and impoverished.
Towards the goal of reducing health disparities surrounding HIV risk, the present study uses an event-based approach to better understand the factors that influence condom use during specific sexual events among homeless MSW. In a probability sample of mostly African American homeless men, systematically recruited from meal lines in Los Angeles, we examine key individual, relationship, and contextual characteristics that existing literature and our formative research suggest may be particularly relevant to heterosexual condom use in this population. This approach is intended to provide a more comprehensive understanding of risk and protective factors that influence condom use among homeless MSW, as well as factors that are not particularly relevant for this population.
Methods

Study Participants
Participants were 305 homeless men randomly sampled and interviewed in the Skid Row area of Los Angeles. This area is home to the highest concentration of homeless persons in Los Angeles County. Men were eligible if they were age 18 or older, could complete an interview in English, and experienced homelessness in the past 12 months (defined as spending at least one night on the street, or in a shelter, mission, vehicle, public or abandoned building, or voucher hotel because they did not have a home of their own or of a family member or friend to stay in). As this sample was collected as part of a study of heterosexual risk behavior, all participants reported having vaginal or anal sex with a female partner in the past 6 months. Computer-assisted structured interviews were conducted by trained male interviewers between July and October 2010. Men were paid $30 for participating in the interview, which lasted an average of 83 min. The research protocol was approved by the institutional review boards of the University of Southern California and RAND Corporation.
Study Design
To obtain a representative sample of heterosexually active homeless men from the Skid Row area of Los Angeles, we implemented a probability sample of homeless men recruited from meal lines in the study area. The list of meal lines in Skid Row was developed using existing directories of services for homeless individuals and conducting interviews with service providers. Our final list contained 13 meal lines (5 breakfasts, 4 lunches, and 4 dinners) offered by five different organizations. Each meal line was investigated extensively to obtain an estimate of the average number of men served daily, which was then used to assign an overall quota to each site which was approximately proportional to its size. The second stage of the adopted sampling design consisted of drawing a probability sample of homeless men from the 13 distinct meal lines. Men were selected for eligibility screening by their position in line using random number tables. Ninety-one percent of sampled men completed an interview.
Study Variables
Individual Characteristics
Demographic variables included age, race/ethnicity, and years of education. Separate questions asked about ethnicity and race, and men were classified into one of three groups for analysis: African American, Hispanic, and Other (which includes 73% non-Hispanic Whites, but also a small number of men who reported being Asian, American Indian/Alaska Native, or multi-racial). Individual characteristics also included attitudes about condoms, HIV knowledge, and gender-related beliefs, which were assessed with items from previously published measures. We used four items each to assess negative attitudes towards condoms (sample item: using condoms makes sex less enjoyable [34, 35] ; a = 0.74) and condom use self-efficacy (sample item: it is too much trouble to carry around condoms [36] ; a = 0.54). These items were rated on a 4-point scale (1 = strongly disagree to 4 = strongly agree). Basic knowledge about HIV and its transmission was assessed by five items (sample item: looking at a person is enough to tell if he or she has HIV/AIDS) [37, 38] . We classified men as having all correct responses vs. less than all correct. We assessed genderrelated beliefs in terms of traditional masculine ideology or ''machismo'' specific to sexual relationships (10 items; sample item: the man should be more sexually experienced than the woman in a relationship [39] ; a = 0.75) and sexual relationship power in men's typical relationships with women (5 items; sample item: I always need to know where she is when she isn't with me [40] ; a = 0.62). All genderrelated belief items were rated from 1 = strongly disagree to 4 = strongly agree.
Relationship Characteristics
Four variables were used to characterize men's relationships with their most recent female sex partner. Partner type was defined as primary vs. non-primary partner, with a primary partner defined as someone the respondent considered a wife, girlfriend, or other ''steady'' partner. Men reported how long they had known the partner (converted to number of years), how much they trusted that their partner would not give them a sexually transmitted infection (dichotomized as: 0 = less than completely, 1 = completely), and their relationship commitment. Relationship commitment was assessed with three items (You were extremely committed to this relationship; You depended on this person for money, food a place to stay, or something else; Your life would have been very disrupted if the relationship ended [41] ; a = 0.64) rated on a scale from 1 = strongly disagree to 4 = strongly agree.
Contextual Characteristics
In an earlier stage of this project, we conducted qualitative interviews with a separate sample of 30 men recruited from meal lines in which they described two recent sexual events with women in order to identify important contextual features of sexual events that may be relevant to men's engagement in unprotected sex [42] . Based on these narratives, as well as existing literature, we developed the following four closed-ended questions for the present study (each coded as 0 = no, 1 = yes): was the partner on contraceptives (''don't know'' was combined with ''no''); was it a chance or unplanned meeting; was there something different or special about this event (e.g., they had not seen each other in a long time, one of them was going away for awhile, one of them had just gotten paid); and did they talk about whether to use a condom before they had sex that time. We also asked about the setting of the sexual event and coded responses into three categories: apartment or house; motel/ hotel room; or a public place (e.g., park, alley, tent set up on the street, vehicle). Finally, contextual features included four separate questions about whether a man or his partner had consumed alcohol or used drugs within an hour or so prior to having sex that time (0 = no, 1 = yes). We derived measures that combined respondent use and partner use to avoid multicollinearity in our models due to significant overlap in these reports: corresponding alcohol use (i.e., both partners used, both partners did not use) was reported in 79.6% of events, and corresponding drug use was reported in 90.0% of events. We used two dummy-coded variables to assess drug use: whether the event involved marijuana use only (vs. no drug use) and whether the event involved any hard drug use (vs. no drug use) by either partner.
Condom Use
The outcome variable was whether a condom was properly used at the most recent sexual event involving vaginal or
anal intercourse with a female partner. All reported events occurred within the past 6 months. The event was coded as one where a condom was used if the couple used a condom, did not take it off until intercourse had been completed, and (if applicable) used a new condom for each insertive act.
Statistical Methods
All analyses incorporate design and differential nonresponse weights (to represent the target population from the sample of respondents) and account for the modest design effect that they induce using the linearization method [43] .
The small amount of missing data for some variables (generally \1%) was accounted for by mean or modal value imputation. We first checked the correlations among predictor variables to avoid multicollinearity problems in our models. We then conducted separate logistic regression analyses for each predictor variable to examine its association with unprotected sex, adjusting for demographic characteristics. All predictor variables associated with unprotected sex at p \ 0.10 in these analyses were included in a multivariate model, which also adjusted for demographic characteristics. Analyses were conducted using the statistical package SAS 9.2.
Results
Participants were 45.6 years old on average, 72% were African American, and 86% reported not having a regular place to stay (see Table 1 for further sample description). All men reported on sexual events occurring within the past 6 months, with 73% of these events occurring within a month of the interview. When asked how well they remembered their last sexual event, 64% reported ''very well,'' 26% ''fairly well,'' and 9% ''not very well.'' Fifty percent of men reported condom use at the event. The 309 most recent events typically involved a partner that the men had known for awhile (median length = 1.5 years). Sex most often occurred in a house or apartment (47%), followed by a motel or hotel (34%) and public setting (18%). Substance use prior to sex was common, with 50% of the events involving alcohol use, 12% marijuana use, and 26% hard drug use (79% of the hard drug use events involved crack). Thirty-one percent of couples talked, prior to having sex, about whether to use a condom. Table 2 shows results from the analyses that predicted condom use during the men's most recent sexual event. Adjusting for demographic characteristics only, results indicated that condom use was more likely when men had higher condom use self-efficacy, greater knowledge about HIV, or talked with their partner about condom use right before sex. Men were less likely to use condoms when they held more negative attitudes towards condoms, either partner engaged in hard drug use, or sex occurred in a public place. In addition, men were marginally less likely to use a condom with a primary sex partner compared to a non-primary partner (p = 0.07). When all of these variables were included in the same model, condom use was more likely when men felt more efficacious about using condoms and talked with their partner about condom use right before sex, but less likely among men who held more negative condom attitudes or had sex with a primary partner.
We conducted secondary analyses to better understand why hard drug use prior to sex and having sex in a public place did not remain significant risk factors for unprotected sex when controlling for non-demographic factors. As shown in Table 3 , hard drug use prior to sex was significantly associated with the setting in which sex occurred. Specifically, hard drug use was less likely when men had sex in a house or apartment vs. elsewhere, but more likely when they had sex in a public place vs. elsewhere. Further, men whose most recent sexual event involved hard drug use had more negative attitudes about condoms and lower self-efficacy for condom use, although they were not less likely to discuss condom use with their partner. There was a marginal association between the setting in which men had sex and their negative attitudes towards condoms, but the setting of the event was unrelated to men's condom use self-efficacy or whether they talked about condom use with their partner.
Discussion
In our predominantly African American sample of homeless men, only 50% reported condom use at their most recent sexual event. In examining a wide range of individual, relationship, and contextual characteristics to better understand the determinants of condom use in this population, results indicated that the strongest barriers included men's negative attitudes about condoms, their low self-efficacy for condom use, and not talking with their partner about condom use before having sex. These barriers have been highlighted as among the most important in the larger literature on heterosexual condom use based on relatively more advantaged samples [23, 44, 45] and are targeted in information-motivation-behavioral skills (IMB) approaches to HIV prevention [46] . Their relevance to condom use among homeless men is an important finding in that it suggests that the putative mechanisms of change targeted in most IMB-based interventions are also reasonable targets for interventions with homeless men. We are aware of no evidence-based HIV sexual risk reduction interventions specifically for homeless men, yet there may be promise in adapting existing evidence-based HIV risk reduction interventions designed for men of color for this highly vulnerable population ''in situ''. For example, promising results have been reported for an IMBbased intervention for African American MSW that is brief (one 45-50 min session) and delivered by a lay health advisor in a clinic setting [47] . This type of intervention may be suitable for adaptation in community settings frequented by homeless men.
Results from this study highlight the considerable diversity in the context of homeless men's sexual events, despite their shared experience of being homeless on Skid Row. Some men reported sexual encounters that were drug-involved and occurred in sidewalk tents or other public places. More often, however, their sexual events occurred in a setting that afforded greater privacy such as a rented motel room, the home of a more stably housed partner, or their own place (such as the single room occupancy housing that is available to some homeless individuals in the Skid Row area). Results from this study suggest that the contextual factors of setting and drug use are relevant to understanding men's condom use, but not in a direct way that one might expect (e.g., caused by the disinhibiting effects of substance use on sexual behavior). The greater risk of unprotected sex when events occurred in a public place or involved hard drug use was due more to negative condom attitudes among men having sex under these conditions than to these contextual factors per se. This further points to the potential relevance of IMB-based interventions for this population, even among homeless men who engage in furtive, drug-involved sexual relations in public places. However, some tailoring may be useful to address their unique needs, consistent with the results of recent meta-analyses showing the advantages of tailored HIV risk reduction interventions [48, 49] .
In terms of relationship characteristics and attitudes, men's condom use was more strongly related to whether the partner was considered a ''primary'' partner (defined for men as a wife, girlfriend, or other steady partner) than how long they had known the partner, their level of commitment to the relationship, or their gender-related beliefs regarding traditional masculine ideology and sexual relationship power. The greater importance of partner type over relationship length is consistent with findings from other research on predictors of condom use among homeless women [22] and homeless youth [21] . However, it is interesting that partner type was more predictive of condom use than relationship commitment given the strong link between commitment and condom use in studies of homeless women [41, 50] . Our qualitative research with homeless men suggests that designating a partner as a ''primary'' partner means that she is low risk and can be trusted [42] . However, the same may not necessarily be true of partners to whom men feel more ''committed.'' This may be due in part to how we defined commitment in this study, which included an element of dependency on the partner for tangible support. Thus, this measure may not have been capturing the sort of emotional commitment to a partner that often leads to the cessation of condom use.
Strengths of this study include the large, probability sample of homeless men, event-based approach to understanding determinants of condom use, and wide range of individual, relationship, and contextual characteristics that were examined. However, the study also has several limitations. First, our results may not generalize to homeless men in other geographic areas or circumstances. Second, some measures had relatively low reliabilities, suggesting a need to develop more psychometrically sound measures of certain constructs for use with high-risk homeless men. Third, retrospective self-reports of sexual events are subject to the usual concerns regarding validity; however, our confidence in the accuracy of these reports is bolstered by the fact that most of the sexual events occurred within 1 month of the interview and were remembered ''very well.'' Finally, sampling multiple sexual events would have strengthened the study by allowing us to investigate withinsubject associations [51, 52] . The principal finding of this study is that condom-related attitudes and talking about condoms prior to having sex are key predictors of homeless men's condom use during specific sexual events with women. This finding is important in that it suggests that a promising prevention approach may be to adapt existing, evidence-based brief interventions for delivery in non-traditional settings that are frequented by men experiencing homelessness to achieve HIV risk reduction and thus reduce a significant point of disparity for the largely African American population of homeless men. The importance of housing, although not a focus of this study, must be highlighted as well in light of growing evidence that permanent supportive housing may be an effective means of HIV risk reduction for homeless persons [9, 53] .
